Objective: The purpose of this study was to apply obesity treatment algorithms to a representative sample of Canadians to determine their potential impact on the population. Design: The Canadian Heart Health Surveys (1986)(1987)(1988)(1989)(1990)(1991)(1992) were used to describe the prevalence of adults (18-64 y) that would be eligible for weight loss treatment according to the US NIH algorithm, which uses body mass index (BMI), waist circumference (WC), and the presence of two or more cardiovascular disease (CVD) risk factors. Similar algorithms based on CVD risk factors and a single measure of either BMI or WC alone were also evaluated. Results: Using the NIH algorithm, 24% of Canadians (28% men, 19% women) would be identified for weight loss treatment. Virtually, all subjects received the same treatment recommendations when using BMI and CVD risk factors only, while 22% (23% men, 21% women) would meet the criteria for treatment using WC and CVD risk factors only.
Introduction
Excess body weight is an increasingly significant health issue. There is clear evidence that the prevalence of obesity is rising in Canada (Katzmarzyk, 2002; Torrance et al, 2002) and that excess adiposity places individuals at greater risk of premature mortality and of developing several health problems including type II diabetes, cardiovascular disease (CVD), osteoarthritis, respiratory impairment and numerous types of cancer (McTigue et al, 2003) .
In 1998, the U.S. National Institutes of Health (NIH) proposed a treatment algorithm using body mass index (BMI), waist circumference (WC) and CVD risk factors to help health practitioners identify patients that would benefit from weight loss treatment (U.S. National Institutes of Health, 1998). However, there remains some debate about the clinical utility of the measures used in this algorithm (Kiernan & Winkleby, 2000) . Thus, the purpose of this study was to assess the impact of applying the NIH algorithm and three alternative algorithms, based on single measures of BMI or WC to the Canadian population.
Methods
A secondary analysis was performed on data from the Canadian Heart Health Surveys (CHHS) (n ¼ 23,129; 18-64 y), a series of surveys on CVD risk factors and risk factor knowledge conducted in each province between 1986 and 1992. A detailed description of the sampling methods is available elsewhere (MacLean et al, 1992) . Identified through provincial health insurance registries, participants were selected using stratified probability methods to ensure the geographical, sex and age representativeness of the sample. The present analysis was limited to 7501 participants with complete measures of all variables from the provinces of Alberta, Saskatchewan, Manitoba, Ontario, and Quebec where WC measures were collected. In 1991, these provinces accounted for 79% of the total Canadian population (Statistics Canada, 1992) .
Registered nurses administered a standard questionnaire and recorded two blood pressure readings. Within 2 weeks, participants attended a clinic where two additional blood pressure readings were recorded, anthropometric measures including weight, height and waist circumference were made according to standard protocols, and an 8-h fasting blood specimen was collected (MacLean et al, 1992) .
Participants were assigned a CVD risk status based on the presence of Z2 risk factors. These included: current smoking, hypertension (systolic BP Z140 mmHg, diastolic BP Z90 mmHg, or current treatment for hypertension), high LDL-cholesterol (44.13 mmol/l), low HDL-cholesterol (o0.90 mmol/l), self-reported diabetes, age (M: Z45 y, F: Z55 y), or a previous coronary event. Family history was excluded since this information was not collected in all provinces; however, subset analysis confirmed that this did not make a difference in the number (23.6 vs 23.9%) of subjects meeting the criteria for weight loss treatment.
The proportion of adults deemed to be in need of weight loss treatment was calculated using the four algorithms outlined in Table 1 . The final algorithm was included to evaluate the impact of including two different WC cutoffs designed to correspond to BMI values of 25 and 30 kg/m 2 (World Health Organization, 1998). All analyses were conducted using STATA (Stata Corp, USA) to accommodate for the complex sampling design of the CHHS.
Results
The percentages of men and women meeting the criteria for each of the four algorithms are presented in Table 1 , while Figure 1 shows the similarities in the proportions of individuals meeting the criteria for treatment according to each algorithm. For each algorithm, men were more likely than women to qualify for weight loss treatment. According to the NIH algorithm, 23.9% of Canadians were identified for weight loss treatment; however, nearly all subjects would receive the same treatment recommendations using the algorithm based solely on BMI and CVD risk factors (23.8%). It should be noted that all (100%) of those identified by BMI and CVD risk factors were also identified by the NIH algorithm, whereas less than 1% of normal weight (BMI 18.5-24.9 kg/m 2 ) participants had a WC above the NIH recommended cutoffs of 88 cm (F) and 102 cm (M) and were therefore missed by using BMI alone (0.1%). Alternatively, an algorithm using these WC cutoffs in combination with CVD risk factors identified only a portion of potentially at-risk individuals, excluding for example, overweight individuals (BMI 25-29.9 kg/m 2 ) with Z2 CVD risk factors but a WC measure below the threshold.
Substituting WC cutoffs of 80 cm (F) and 94 cm (M) in place of the BMI threshold of 25 kg/m 2 and the cutoffs of 88/ 102 cm in lieu of the BMI threshold Z30 kg/m 2 (Lean et al, 1995) identified 22% of the sample as needing to lose weight. Fewer men and more women received a recommendation for weight loss treatment using this algorithm. An additional 3.8% of the sample would be recommended to maintain their current body weight according to the NIH algorithm would be considered at elevated risk according to an algorithm that incorporates the WC tiered cutoffs and CVD risk factors. On the other hand, 5.8% would be recommended for weight loss by the NIH algorithm but not identified by using the WC tiered cutoffs and CVD risk factors.
A comparison of the distribution of CVD risk factors within risk categories of the NIH algorithm indicate that a substantial proportion of overweight (66%) and obese (55%) individuals had o2 CVD risk factors (Figure 2 ).
Discussion
The early identification of individuals at increased risk of obesity-related morbidity and mortality is a priority in the Figure 1 Schematic representation of the proportion of the Canadian population meeting the criteria for weight loss treatment according to the four algorithms. Note that because only 0.1% of the population is captured by the NIH algorithm and is missed when using the BMI algorithm, the circle representing the NIH algorithm is almost completely eclipsed by the BMI circle.
Obesity treatment algorithms and Canadian adults C Mason and PT Katzmarzyk attempt to limit the health and economic costs of obesity. The results suggest that the assessment of WC within the current NIH treatment algorithm fails to provide information additional to that obtained by BMI and CVD risk factors alone, and are consistent with data from a large representative sample of Americans (Kiernan and Winkleby, 2000) . This does not imply that WC is not a useful measure of obesityrelated health risk. Rather, within the context of the algorithm, its utility is constrained by the thresholds used. WC has been established as a valid measure of abdominal adiposity (Rankinen et al, 1999) and is useful in identifying individuals at increased health risk (Ardern et al, 2003; Janssen et al, 2002) ; however, it does not alter the recommendation for weight loss treatment under the current NIH guidelines. The WC cutoffs currently employed in the NIH algorithm were not developed to be used in combination with BMI categories, but rather as an alternative to them (Lean et al, 1995) . It has been suggested that 'optimal' WC thresholds for predicting future coronary risk may differ from the single thresholds. An ROC analysis of the CHHS (Dobbelsteyn et al, 2001 ) demonstrated that thresholds of 80 cm (F)/90 cm (M) provided the best balance between sensitivity and specificity in predicting the presence of Z2 CVD risk factors. Recently, it was shown that specific WC thresholds within BMI categories could improve the identification of individuals at high risk of future coronary events over a single WC cutoff (Ardern et al, 2004) . Adjusting the currently recommended WC cutoffs may help identify at-risk individuals with an elevated WC and Z2 CVD risk factors who may otherwise escape the attention of clinicians using the NIH algorithm.
The importance of regular assessments for monitoring changes in health risk is highlighted by the large proportion of overweight individuals who did not meet the NIH algorithm's criteria of Z2 CVD risk factors. A recent study by Janssen et al (2004) suggests that other factors such as the duration of overweight are associated with the variation in health risk experienced by overweight and obese individuals.
The absence of guidelines or coordinated efforts aimed at the secondary prevention of obesity in Canada may be, at least in part, due to the lack of any known weight reduction strategies with proven, long-term effectiveness (Jeffery et al, 2000) . However, even modest weight loss (5-10%) is associated with significant improvements in a variety of health outcomes including blood pressure, glycemic control, and blood lipid levels (McTigue et al, 2003) . Thus, with nearly one in four Canadians potentially in need of weight loss treatment, further research is warranted to better identify those in need of weight loss and to facilitate the delivery of carefully targeted interventions. Obesity treatment algorithms and Canadian adults C Mason and PT Katzmarzyk
